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1. Introduction
 
   Feronia elephantum Correa (F. elephantum) belongs to 
Rutaceae which is widely distributed throughout India. Leaf, 
bark, root and fruit pulp are used for the treatment of various 
ailments. In vitro antioxidant and antibacterial activities 
of fruit pulp was reported by Nithya and Saraswathi[1]. 
Essential oil isolated from leaves showed antibacterial and 
antifungal activities[2]. Bioguided extraction of leaf showed 
hepatoprotective and cytotoxic activities[3]. Hepatoprotective 
activity of aqueous extract of leaves was reported[4]. Based 
on the immense medicinal use, the study was attempted to 
isolate and analyse the chemical composition, and evaluate 
the antioxidant and cytotoxic activities of essential oil from 
the leaves.
2. Materials and methods
2.1. Plant material
   Fresh leaves of F. elephantum was collected from intact 
plant of original habitats.
2.2. Hydrodistillation of leaves
   Freshly collected leaves (2 kg) were hydrodistilled for 
3 h using Clevenger apparatus for essential oil isolation. 
Isolated oil was dried over anhydrous sodium sulphate 
and filled in small vials, tightly sealed and stored in a 
refrigerator at 4 °C until further analysis. 
2.3. Chemical composition analysis
2.3.1. Gas chromatography (GC) analysis
   GC analysis was carried out using Varian 3800 gas 
chromatography equipped with mass selective detector 
coupled to front injector type 1079. The chromatograph 
was fit with DB 5 column (30 m伊0.25 mm). The injector 
temperature was set at 280 °C, and the oven temperature 
was initially be at 45 °C then programmed to 300 °C at 
the rate of 10 °C/min and finally held at 200 °C for 5 min. 
Helium was used as a carrier gas with the flow rate of 1 mL/min. 
The percentage of composition of the essential oil was 
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calculated by the GC peak areas.
2.3.2. Gas chromatography/mass spectrometry (GC-MS) 
analysis 
   Gas chromatography coupled with mass spectroscopy was 
performed using Varian 3800 gas chromatography equipped 
with Varian 1200 L single quadrupole mass spectrometer. 
GC conditions were the same as reported for GC analysis 
and the same column was used. The mass spectrometer 
operated in the electron impact mode at 70 eV. Ion source 
and transfer line temperature was maintained 250 °C. The 
compounds was identified based on the comparison of their 
retention indices (RI), retention time (RT) and mass spectra. 
Library search was carried out using the NIST and Wiley GC/
MS spectral database and by co-comparing with the mass 
spectral data and retention indices in the literature[5].
2.4. DPPH free radical scavenging activity 
   Briefly, different concentration (50, 100, 150, 200 and 
250 µg/mL) of oil was mixed with 1 mL of methanolic 
DPPH solution (0.16 mmol/L). Negative control contained 
methanol instead of a sample solution. The reaction mixture 
was incubated for 30 min at room temperature and the 
absorbance was read at 517 nm[6]. The percentage of DPPH 
free radical scavenging activity was calculated using the 
following equation: 
   %Inhibition=[(AB-AA)/AB]伊100
   Where AB is the absorption of blank sample; AA is the 
absorption of test sample.
2.5. Hydroxyl radical scavenging activity
   Reaction mixture included 7.5 mmol/L FeSO4, 7.5 mmol/
L 1, 10-phenanthroline, 0.2 mol/L phosphate buffer (pH 
7.8), 30 mmol/L H2O2 and oil at different concentration (50, 
75, 100, 125 and 150 µg/mL). The reaction was started by 
adding H2O2. After incubation at room temperature for 5 
min, the absorbance of the mixture was read at 536 nm[7]. 
The percentage of hydroxyl radical scavenging activity was 
caculated with the following equation:
   %Inhibition=[(AB-AA)/AB]伊100
   Where AB is the absorption of blank sample; AA is the 
absorption of test sample.
2.6. Metal chelating activity
   Different concentration of oil (125, 150, 175, 200, 225 µg/
mL) was mixed with 50 µL of ferrous chloride and 1.6 mL of 
80% methanol. After 5 min, the reaction was initiated by the 
addition of 5 mmol/L ferrozine and the mixture was shaken 
on a vortex. The mixture was incubated at room temperature 
for 10 min. The absorbance of solution was measured at 562 
nm on a spectrophotometer[8]. Metal chelating activity was 
caculated with the equation below:
   %Inhibition=[(AB-AA)/AB]伊100
   Where AB is the absorption of blank sample; AA is the 
absorption of test sample.
2.7. Prevention of deoxyribose degradation 
   The different concentration of oil (50, 100, 150, 200 and 250 
µg/mL) was mixed with 20 mmol/L deoxyribose, 0.1 mol/
L NaPO4, 20 mmol/L H2O2 and 50 mmol/L FeSO4. The reaction 
mixture was incubated for 60 min at 37 °C. Then 2 mL of 10% 
ice cold trichloroacetic acid was added, and 1 mL aliquot of 
the samples was added with 1 mL of 1% TBA. The TBA/sample 
mixture was heated in a water bath at 95 °C for another 60 
min. The absorbance was read at 532 nm[9]. 
   %Inhibition=[(AB-AA)/AB]伊100
   Where AB is the absorption of blank sample; AA is the 
absorption of test sample.
2.8. Cell lines and culture 
   The human breast (MCF-7) cell line was cultured in a T 
25 cm2 cell culture flask containing Dulbecco’s modified 
Eagle medium supplemented with 10% fetal bovine serum, 
penicillin (100 U/mL) and streptomycin (100 µg/mL). The cell 
line was incubated in humidified incubator at 37 °C with 5% 
CO2.
2.8.1. MTT assay 
   The cell line in T 25 cm2 flask was harvested using trypsin 
and cell number was counted using a hemocytometer. A total 
of 1伊104 cells were incubated in 96 well plates containing 100 
µL of growth medium for 24 h. Then the cells were treated 
with various concentration of (25, 50, 75, 100 and 125 µg/mL) 
essential oil dissolved in medium and further incubated for 
48 h. About 20 µL of MTT (5 mg/mL) in phosphate buffered 
saline was added to each well and the plate was incubated 
at 37 °C for 4 h. The medium was removed and 100 µL of 
DMSO was added to each well. After 10 min of incubation 
at 37 °C, the plate was read at 570 nm using a microplate 
reader[10]. The percentage of cell viability was calculated as: 
(absorbance of test/absorption of the control)伊100.   
2.8.2. DNA fragmentation 
   Briefly, MCF-7 cells after treatment with different 
concentration of essential oil for 24 h were centrifuged at 
1 500 r/min for 10 min and washed with phosphate buffered 
saline. The resultant pellet was suspended in lysis buffer (10 
mmol/L EDTA, 50 mmol/L Tris-HCL, 0.5% SDS) for 15 min at 55 
°C. Lysed cells were digested with proteinase-K (500 µg/mL) 
at 55 °C for 1 h followed by incubation with 200 µg/mL DNase 
free RNase at 55 °C for 90 min. The DNA was extracted with 
twice with 250 µL of phenol: chloroform: isoamyl alcohol 
(25:24:1) for 1 min and centrifuged at 12 000 r/min for 5 min. 
The aqueous phase was further extracted with chloroform: 
isoamyl alcohol (24:1) and centrifuged. DNA was precipitated 
from aqueous phase with 0.1 volume of 2 mol/L NaCl and 
2.5 volumes of chilled ethanol and kept at -20 °C over 
night. The precipitated DNA was centrifuged at 12 000 r/min 
for 10 min and dissolved in Tris-EDTA buffer (pH 8.0) and 
electrophoresed in 1.5% agarose gel at 50 V for 90 min[11]. The 
gel was photographed using Bio-Rad Gel documentation 
system.
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2.9. Statistical analysis
   The data obtained from the in vitro experiments were 
analysed using SPSS (10.00) for IC50 calculation. 
3. Results 
3.1. Chemical composition of essential oil
   Hydrodistilled leaves of F. elephantum yielded essential 
oil with pale yellow in color. Table 1 shows name of the 
compounds with percentage composition and retention 
index. A total of 23 compounds were identified and 
accounted for about 83.87%. The major component of the oil 
was oxygenated sesquiterpene, caryophyllene oxide which 
accounted for 62.29% followed by caryophyllene (6.05%), 
aromadendrene (3.58%), humulene epoxide II (3.00%), phytol 
(1.21%) and α-copaene (1.03%).
Table 1 
Chemical composition of essential oil from the leaves of F. elephantum.
Compound  name RI* Percentage (%)
Terpinolen 1 088   0.13
(Z) sabinene hydrate 1 097   0.09
Beta-linalool 1 098   0.03
Pinocarvone 1 162   0.49
α-terpineol 1 189   0.90
Myrtenal 1 193   0.77
β-cyclocitral 1 218   0.05
E-3(10)-caren-4-ol 1 227   0.18
Carvone 1 242   0.05
cis-β-damascenone 1 359   0.08
β-elemene 1 375   0.10
α-copaene 1 376   1.03
β-bourbonene 1 384   0.31
Caryophyllene 1 418   6.05
Aromadendrene 1 439   3.58
α-caryophyllene 1 454   0.53
Germacrene D 1 480   0.69
Nerolidol 1 564   0.24
Spathulenol 1 576   0.72
Caryophyllene oxide 1 581  62.29
Humulene epoxide II 1 606   3.00
Cubenol 1 642   0.66
Aristolene 1 756   0.69
Phytol 1 949   1.21
Total  identified 83.87
*
RI: Retention index obtained on DB-5 column.
3.2. Antioxidant and cytotoxicity
   Antioxidant activity of oil was tested using four different 
test systems. The oil was observed to significantly scavenge 
DPPH free radicals with IC50 value of (90.18依0.01) µg/mL. 
Hydroxyl radical scavenging and chelating activity of oil 
against transition of metal irons were calculated as (79.28依
0.03) and (117.05依0.06) µg/mL respectively. Ability to prevent 
deoxyribose degradation by inhibiting hydroxyl radicals 
generated in Fenton reaction was calculated as (55.34依0.03) 
µg/mL. Concentration of oil needed to kill 50% of human 
breast cancer cell lines (MCF-7) was observed as (89.19依0.02) 
µg/mL. Genomic DNA was isolated from treated MCF-7 cells 
after 24 h and electrophoresed. The result indicated that 
there was a DNA fragmentation but no clear ladder formation 
(Figure 1). DNA isolated from untreated cells did not show 
any DNA fragmentation.  
                     1            2           3              4           5
Figure 1. DNA fragmentation of MCF-7 cells treated with essential oil of F. 
elephantum.
Lane 1: Marker 1 000 bp ladder; Lane 2: Control; Lane 3: Con: 312 µg/mL; Lane 4: 
Con: 625 µg/mL; Lane 5: Con: 1 250 µg/mL.
4. Discussion
   Plant essential oils are aromatic oily liquids, volatile, 
characterized by a strong odour, rarely coloured and 
generally with a lower density than that of water. They can 
be synthesized by all plant organs and extracted from these 
parts, where they are stored in secretory cells, cavities, 
canals, epidermic cells or glandular trichomes[12]. In this 
study, caryophyllene oxide has been identified as major 
compound in oil, but the previous reports have shown beta-
pinene and trans-anethole as the major compounds in the F. 
elephantum oil[2,13]. This variation may due to geographical 
distribution, availability of water, climate, stress, 
temperature, etc. Meanwhile, caryophyllene oxide has been 
reported as major compound in the essential oil of rutaceae 
species such as Haplophyllum lissonotum, Haplophyllum 
buxbaumii and Haplophyllum megalanthum[14,15]. 
   Essential oils are complex source of numerous small and 
large bioactive molecules that attract researchers to evaluate 
their potent antioxidant, anticancer, anticholinesterase and 
antimicrobial activities. Result of this study clearly indicates 
F. elephantum essential oil as a good source of free radical 
scavenger with considerable cytotoxic activity. The potent 
biological activities of essential oils depend on their major 
constituents. It is assumed that observed antioxidant and 
cytotoxic activities of oil might be due to the presence of 
major bioactive compound, caryophyllene oxide. Meanwhile, 
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contribution of minor compounds should also be considered. 
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Comments 
Background
   The study focuses on the bioactivities such as antioxidant 
and cytotoxic activities of F. elephantum. Previous studies 
showed the presence of active phytochemicals and its diverse 
activities. Intense investigation on the phytochemicals 
of F. elephantum may reveal the identification of a novel 
phytochemical with pharmacological properties. 
Research frontiers
   Determination of cytotoxic effects using MTT assay and 
DNA fragmentation analysis provides vital evidences. 
Using GC/MS method, the authors have identified 24 active 
phytochemicals from this plant.
Related reports
   Antioxidant and antibacterial activities of fruit pulp of 
this plant was reported by Nithya and Saraswathi, 2010. 
Antibaxcterial, cytotoxic and hepatoprotective activities of 
this has been reported in the literature. Methods used in this 
study are standard and the result of this study is productive.
Innovations and breakthroughs
   The authors have identified 24 phytochemicals from the 
essential oil of this plant using GC/MS method. It is evident 
that the high antioxidant and cytotoxic properties comes 
from these phytochemicals. The results will motivate future 
researches in identification of new biological activities and 
purification of active compounds.
  
Applications
   Essential oils possess diverse chemicals with potent 
bioactivities. They are commonly used for the treatment 
of various human disorders. Further studies on animal 
models and cell lines will reveal the mechanism of action 
of oils. The study identified new phytochemicals and its 
bioactivities.
Peer review
   The study focuses on the phytochemical and bioactivities 
of essential oil isolated from F. elephantum. The breast 
cancer cell line MCF 7 cells are the suitable cell model for 
the analysis of cytotoxicity. The presence of phytochemicals 
were analysed using GC/MS method. The results are clear 
and the identifications from this study will create further 
research studies in this plant. 
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